Abstract: Railway networks in Australian alone require replacing a large amount of aging timber 8 components in excess of 280,000 m 3 per year. The replacement of timber track components is 9 responsible for producing greenhouse gas emissions 6 times greater than equivalent reinforced 10 concrete counterparts. Sydney Harbour Bridge presently experiences similar problem. A feasibility 11 study to develop an innovative solution for the replacement of aging timber transoms installed on 12 the Sydney Harbour Bridge was conducted to evaluate environmental, safety and financial benefits.
Introduction

28
All components of a railway track system are designed to interact with each other in order to 29 transfer the imposed dynamic loads from the wheels of the railway vehicle to the foundation or 30 support structure of the track (Remennikov and Kaewunruen, 2008 (Kaewunruen, 2014a-d) . It was found that the 42 replacement of timber track components could contribute greenhouse gas emissions 6 times greater 43 than equivalent reinforced concrete counterparts (Krezo et al., 2014) . Figure 1 shows an existing 44 system of railway infrastructure network (i.e. railway transom bridge) with existing physical 45 constraints. The rail track on the bridge is built on timber cross beams, so-called 'transoms', which 46 are supported by long-span steel girders between bridge piers. Recently, there has been a significant 47 attempt to convert such transom bridges into direct-fixation track slab bridge as shown in Figure 1c . 48 The design methodology and procedure for track slabs generally yields heavy concrete slabs with a 49 thickness of at least 220mm, depending on the load cases, support conditions, and derailment 50 consideration. As a result, the vertical levels (or heights) of adjacent systems such as fastening 51 systems, rails, overhead wires, platforms and existing bridge girders must comply with such track 52 slabs (Kaewunruen 2007 , Kaewunruen and Remennikov 2009a, 2013) . 53 Although concrete structures have been widely used in railway tracks for a long time, the 54 demand to improve serviceability and functionality of rail infrastructure components is still 55 significant. In renewal and replacement of aging railway infrastructure systems and components, 56 physical constraints are often exposed. Some examples are the limitation of bearing capacity of 57 existing bridge steel girders, low platform and track clearances, insufficiency of spaces and cross 58 sections of track structures, and so on. In addition, replacing new components within aging systems 59 requires compatibility, compliance and consistency of strengths, properties and characteristics of and guard rails will be installed using special baseplates and rail pads onto these composite panels.
121
The replacement transom alternatives shall provide a solid rail corridor similar to that of slab track.
122
Although unlike slab tracks, the research herein has focused on using composite theory enabling the 123 depth and hence, the weight of the replacement panels to be less than that of typical slab track 124 systems. This solid and continuous surface will alleviate the need for the timber decking boards 125 between the railways, prevent water egress to the girder top flanges and arrest foreign objects from 126 falling to the habitable areas below the bridge. Installation time is required to be minimised to 127 lessen the impact of excessive rail possession. This will be achieved by designing the panels as 128 precast, so they can be transported to site and installed relatively quickly. Young's modulus of concrete (E c ) has been calculated to be 34,652 MPa from Equation (1) 167 adopted from AS3600 (2009) and poisons ratio (ν) of 0.2 has been adopted. for push tests, however 15 and 20 node elements were adopted for the concrete around the shear 197 studs and the shear studs respectively. The increase of nodes for the elements surrounding the shear 198 stud connection was desirable to more accurately determine load slip relationship in these areas. 8 199 node elements have been determined to provide sufficient accuracy for the models within this study. designation of master and slave surfaces based on material stiffness are outlined in Table 3 and   220 catalysed the nomination of the initial mesh sizes provided in Table 2 . In this investigation, there The derailment load is assumed to act over the contact area of the wheel and concrete based on the Deflected shape of the derailment panels subjected to derailment loads is shown in Figure   275 8a. Figure 8b shows the average stress to derailment load relationship for the critical concrete node which is noticeably less than the assumed stringer materials ultimate yield strength of 300 MPa.
322
Therefore, the stringer has not yielded upon application of the maximum derailment loads. It is 323 important to note that the stress distribution within the stringer web and flange elements nearest the 324 cut edges of which fixed connections have been applied in ABAQUS, is not likely to represent the 325 realistic stress distribution in the stringer. This is due to the fact that only a portion of the stringer 326 has been modelled and the continuity of the stringer in the 'X -Y' plane is likely to influence this 327 distribution. As the analysis of the stringer is outside the scope of this study, only the stresses at the 328 connection to the panels has been considered in this paper.
329 Table 4 compares the maximum stresses developed at the critical nodes of the parts and must be greater than 1 for the design to be sufficient. Excluding the concrete in tension which 334 has been explained in the note above, the design ratio for each of the critical part locations 335 nominated above exceed a value of 1. Therefore, the derailment panels satisfy ultimate limit state 
